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Technical Report N . 44

GENERATION OF LJLTRAS OUN I ) AT METAL
ELECTROLYTE INT ERI’ACES

by

Frank Borsay and Ernest Yeager

I .  INTRODUCTION

When an a.c. potential is applied to an electrochemical interface ,

periodic volume changes are produced  a t  t u e  in te r face. This in turn  should give

rise to the generation of soun d waves of the same frequency l~t t h e  solu-

tion phase. This report describes the first detection of the~~ sound waves

ui ~~Ln g a gold electrode in an acid electro lyte. This effect offers a mean s

t , - r examining the potential dependence of the structure of the compact

double layer at metal—electrolyte interfaces.

T i .  >IECI-IANIST IC CONSIDERATIONS

The solution side of a metal—electro ’yte interface consists of two

i I y I r~. , . I - ~~~:~~~’t ~:i v E’r cotres~ onding t o  the  d i s t a n c e  of  L l o u , e C t  ap~~roach o t

t hu . io :u~ to t h e  m e t a l  su r f a c t  and .~ d i f f ~~sc ion l aye r  (Gouy—Ch apma n )  e x t e n d —

in~ n u t  i i u t  0 t h e  e l e ct r o l y t e  phase (see h’i t~. 1). [For reviews , see rcfs.

2. ] I n  t h e ab~ cnce of stron~; (aj eci I i : )  ionic adsorption , the plane ot

c I l i . t  i ; p i  o h  of the ions (the Iielmhol tz p l a ne)  in aqueous solutions ir

u h l y ~ujrni~d t o  be separated from the  meta l  s u r f a c e  by two w a t e r  mole—

culcr , one in direct cont .-~ct with the m et a l  su r face  and the second in the

i n n e r  (p i  i ui .1r hiy d r I t  ion $;hcil th ol t h e  ions making  up t h i s  p lane . Except

a t  or r u . a r  t he  p o t e n t  i al  of zero I la rge  ( p z c )  ( i . e .  
~H 

0) , the
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Fi g u r o  1. P o t e n t  i i i  d i s t r i t iu t  .i across a m etal—elect rolyte
int’ rfac e.



i t elmhol t ~ plane consists of p r e d c l n i n in t  y only citions or anions , dE ’p —

end in ~ on t h e  sign of the potential

Ar o r d i n a r y  e l e c t  m l  “te concent rat ions (>l0~
2
M) most of the pot—

e at  i~i l  d r o p  b etween  t i t t ’  b u l k  m e t a l  and I s i lk  i cc  t r o l y te  is between tile

n v t . m l  and H e i m n i m o l t z  p lane . Cons quent l ’ 1  t h e  wa ter  in the compact  lay—

i r  is s u l ’j c c t  N. a l ar g e  p o t e n t i a l  grad L e r t  except  at  or near the  pzc

(up t I i ) h v / c n)  . Such ~r ; i u l i e r t s  can p r o d t m c e  large changes  in the

structure of the water layer , includ ing re—orientation of the water d i —

polec f r e ’C p r ed om i nan t l y towards to away from the surface. This should

result in substantial volume changes with changes in the potential ap—

p l i e d  across the  i n t e r f a c e .

A c o u s t i c al  r c ’t h m ~s appear  an a t t r a c t i v e  approach for examin ing

t he se  changes in the structur e of the compact layer  w i t h  appl ied  p o t —

ent ha l. i~ven a vo lu lC e  change of on ly  17 ~h ommld r esu l t  in a d i s —

r~~ ic .”c n t  of ~ 3xl0~~~° cm and , at a m o d u l a t i o n  f r e q u e n c y  of e . g .  500 k f l z ,

sound waves of 10 8
W/cn

2
, which  is eauil y detected .

Chang es  in the ion distribution in the ionic double layer will

also contribute to the  acous t ic  e f f e c t .  T h i s  c o n t r i b u t i o n  would not

occur if tim e ions of the double li’~rr behaved ideally. Any increase or

decro-’se In volume within the layer t ine to a change of ion conce r t—

t r i t i r . n s  wou ld  he o f f s et  b y •i vo lume  d i n g o  of opposite sign in the

bi ml ~ I ; f l l t l t l f l f l  a d j o i n i n g  t i m e  e le ct rode  sur face  w i t h i n  a d is tance  s m a l l

cor~p u i r c i h  to the acoustic wa~ e l o n g t h  fo r  f requenc ie s  below lO8H z .  The

ion c on c e n t r a t i o n  in the  d i f fu s e  l ayer , however , can reach values h igh

corp art ’d t o  the  b u l k  c o n c e n t r a t io n s  when (see Fig .  1) hecones sub—
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st an t  [ii ( I .~1~l > ( 1 . lV) . Ion pair and tn ~1et formation results in a loss

of some water in the outer and Inner b ile hydration sheaths and , there-

fore , increments in the ionic partial ~~ lil volumes and net vo l ume of

th e  so l u ti o n  a d j a c e n t  to t he  electrode aurface . The entrance of inns In-

t o the 1k’lr~h o 1 t z  p l a ne  r e s u l t s  n~ so In rhanges  in t he i r  p a r t ia l  mol i~ vol-

um es because  of ciian- ’es i n  the olive r (secondary) hydra t~ en sticoths. Fur—

t h o r , t i me specific adsorption c-i f Ions i - i t o  d i r ect  c or t a ct  w i th  the  ru r a l

s’ rfare ~ i1l occur with nest clectroiyt~ s at sufficiently negative or pos-

i t  lye pot ential and this should p r o du ce largc volume increments due to

the disp lacemen t of water molecules fro i the interface as well as ion by—

drat ion rheaths. The extent to which t. uese various sources of volume

chan~ cs c o ’ u tr i b u t e  to the  ohserv d ac ou ;tic effect depends on the par—

t i - i l a r  e l ec t r o ly t e , meta l  e l e c t rode  an -h  the  p ot en t i a l  r e l a t i v e  to th e  p z c .

Uit h -i stroa~ acid e l e c t r o l y t e  such as 1fl101, whic h only weakly adsorbs on

n a hi e  m e t a l s  and has only minor  :onccnt  r a t i o n  dependence  of the  ionic

p ar t i a l  no l, ,i volumes , t i le  vo3 tir .~ ci arn~~s assoc iated  wi th  the  compact

layer ‘mr expected to be predom i ’i an t .

Q u a n t i t a t i v e  t r e a t m e n t s  of he got  ‘n t i a l  dependence of the  volume of

the compact layer can he c a r r i e d  out  w i L h  var ious  models  of t h i s  layer ;

e.g. the multiple—si ate models of the c~unpact layer water  proposed by

Damaskin and Frunkin (3.4), Parsons (5), Bockrls  and H abib  (6) . This

together with a treatment of oti r contribut ions to the volume changes

will he the subject of a future pub liedi lon. This e f f e c t  should prove

u s e f u l  in t e s t ing  these model f. .
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The rela tion of this effect to che U ~ore~ ical i. udiuls or the inter-

face water structure can be illustrated a follows, using the Damaskin

modification (4) of the Damaskin — Fru: Li~ multistate model (3) of the

compact layer structure . According to th s  trcatx~~nt , the water at the

in ter face  in the absence of s pec i f i c  ion ic adscrption exists in the form

of small clusters with chemisorption of indivieual water molecules

occurring at more positive electrode potentiaL- . Using Boltzmann

statistics , the surface concentration uf Lhe clusters can be calculated ,

assuming tha t the clusters consist of a f~xed number of watcr

molecules (n) and have the i r  dipole m o n en t s  oriented toward <NI’ ) or away

(Nt ) from the meta l  sur face . If N T is the  total number of entities

on the sur ace , then

N = Nt -+ N4 + N (1)T c c ad

and the vo ~u~ue is

V
T 

= (Nt ) (V I - ) + (N~’ )(V~~ ) + (N
d

) (V
d

) (2)

wher e  the  i ’ s are the correspondi: g cffe Live volumes. The number of

spec~~cs per unit area can be evaluated with

NI /N
T 

(1/f ) (-Xj )  (
~

J
~ x/ kT) (3)

= (1/f ) xp (— h I
~~

x /kT)  (4)

N
d /NT = (1/f ) exp ((—U + )l

dX)/kTJ (5)

with t lit function f
0

f exp(hJ X/kT) ÷ exp( — i m X/k ~~) + • .:p[(—U 
~ ~ad~~~~~

Tj (6)

and N
d 

C( rr csponds to the chemisorbed water :~uolecules with the dipole

moment 
~~~~~~

, and s p e c i f i c  ad so rp ti si emu r i ’,! U : zero f ield X. A sub—

crea is as ign ed t o each of these th r ee species and a conserva-

t ion of se r f a ce  a re . i  cond it i on  impos( ’(I . The ‘o tent ia l  drop across the



1 V e X  . ; = — . (su e i , , . I) i:~ t e a  c- unue d to  be

= ~~~, + ~~ (7)

u,. l, , , : u  t l u  o : t i  r en~ I I coSt r i bu t  i .i ç is  g iven by

6 :~ ,

(8)

c d  he .r f  c oti’n L i a  I coa t  X I I  U - ‘a

~~~~ s ,. (9)

0 1 ,  1. cu r  s ; :~~ ’ to  t i : c  t~~’~~ or i~ : : t a t j o . c ;  of L e  w , t r  ~~~~~~ 
;t.’rs h a d

t h e  clien ’i o r io d w u t t - r ; 
~ 
is the cl~~~t ru &‘ cia~r 1~e . Following ~amaskLX1 

‘ S

ap~ r n o  I i  Ii scro t i i :  - — 0 f — c I i a r ~;e ci I t~~ L c r a ~~ he i at , rodaced tJ ruu ;~h a

o e f f h ~ ’~~u - t ~ wh cli is h tended :e t ake into ueceur~t t i e  ac t  i n - i of the

f i e l d  of al l  oth - r ui ~~~o J L : ;  on t i  part i ul ir di po le  unde r cons iderat i on.

Ti mu s

- /~y t~t ) u ” ’ = ’ - (10)
2 2

TI n :’. V C[. i c o b t a i n e d  us a func~ on of A~ a i l  hence ;;~~ ‘ ILOd potential

s ince  f o r  conce i t r u t  ed c i t c t i r o d ’c u t r ~ = (see Fi g. 1) to a good

apprc >:ination . The a c ou st i c  a ap l i . t u Ie can t i t n  be obtained from dV/dd

where  E i s  t he  up; l ied  po t- -n tial rel it  I vii t o  a r e f e ren c e  e le c t  r ode

The number of constants  to be in t roduced  is a problem ; i.e., t h e

VO1uIsl ( s , d ipo l e  moments , adsor~ t i o n  i- n-  rg ic -; and sub t ended  s u r f a c e  ‘ire  as

of t h e  var ious  u p e c i e s .  These o n  be -s t  ic- . t cd  on the basis of models

[or the v a r i o u l  ‘ ;p c c i e u ;  bu t  not  w i t h  I r i lat  iccurzicy . The approach of

Bockris and Habib (6,7) r ; iuy p i e  ‘ c inc h e l p  since it evaluates the

p a r t  i t  b i n  f u n c t i o n s  f o r  t h e  var  un: r u ct ur e s .



— 7—

Wi (‘fl ( ; :1  [C cont  r I lot t i - n :  l i i : -  t be CO - a Ii - i t  - ii , X l i  X i  1 :. r eqs at as

C l:) i i  o u t  UI) in ‘ f l e  of t h e  v e in : : : - - eha ~y -  ~: e n d i u i ~t np - e i  f i c  a d s o r p t i o n

i - n  p a t i  and n y -l i t fo:’r : i tj a , i  i n  t l i  ioi ie d o u l l e  l ay er .  ~The

e l i- c t  r onod ti tian of t i i c ’~~~u : iC e  C ‘a r a t  l’~~t i c : i  of  adsorbed ions can be

. 1 s l u t  c d  u n d er  - q U l  1 i l u r i a r n  i- c a l ,  i on s ’ ’-om .h c- i~~ ’ a r 1:t i i i : ;  l O O t R’ flr S ,

v . i ii . t c d  for -‘: ; ; l &  op t  i i  t h y ( I ] ) .  A :  f r - - i i - ac 1. -s in the u l t r a s o n i c  m ade ,

h o w e v e r , ~ in . - t i c  and di f t  i i : - i o n a l  uc t i r s  wi l l  : 1 1 5 0  Se ed to be caa ,~~d c r ~-d .

The d ve loprn ent  of t i l e  d e t a i l u ’d treatment of this i ’ f f c  is in progre s~.

along these l ines .

11 i . A1 ’i’A \Xul’ n ANi

To dit fcrentiate t c i i :  eh -c t  ro tc ous t  i -: effect from d cc: rnma~;nc’ tic

cross taly , the nie a-~nrc-o:,-nt s have hi-u -n carried out with pulse—modulat ion

t C L i I I l i ( ~ U C S  using t H u  d i f fe r e n c e s  in th e  p r o p a gat i o n  v e l o c i t J - s  of a c o ust i c

and elec t :‘~ ::i:i~ne tic waves , w i t h  t h e  a r r;u :  ‘emc’nt  sho es  in Fi y, . 2. An

acoustic f : ’ eq i i u - a c ~’ of 540 kI ln W , t H  usc- ,1 f o r  thin study. At frequencies

below thu - .- ; t  which interfacial nil azh: t 1 n o c c u r  (~ l06 Hz in the absen ce

of sj a -c i [i  ‘ s1: orp t ion) , t i le volume change w i t h  p o t e n t i a l  is independent o f  fre—

pi n c y .  ‘ u” :n ref ore under ideal cii c -urn s Lh : Ice:,  , t he  acoustic intensity

a rd ~it  ed to t he  di :;p I ; I c c - f f l i ’ f l  t amp i_ i t ,ude and hence t h e  volume changes

b y t h i ~ c-x ~O c:s5 ; 1o n I = 1/2 2
a
2 where  i- is the  an g u l ar  f r e q u e n c y . Consequi -n L l y

t i - - } i d l i - r  t h e  f r i - q i t  f l c y ,  l i i -  ~‘ r . i c r i s  t ime  in t e n s i t y .  The f r e q uency

ran~ & - l0~ to IC) Liz , however, is b~~,t  u l  t ed  t o  q u a n t l  t a t  I V L -  acoustic

m~~ sutremu i t  a .  At higher I Ce qii ’ f l ’ l e  , t i -  shi r t wav e l ~-ny,th requires much

h i i i i i . ’r di aphragm s and I ca t: -  to more  i - c  i d )  en:; w i t h  t i l  i gmun en t  and a c o u s t i c

lo ’ , a u - ~~. At lower f r equ e n c  i o u , lar , , d i  ~~; i  r q ~: i i  and t a nk s  arc requi red  to

rcdu.  e d i !  r ac  t ion and cop.- w i t h  b i t i d  c- is :  l i—d c  iv t me r es t  i i ’ t i o i m s  w i t h

t u n e d  ii:: ’ f i cr :
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$
The - i t  ~ ‘- ‘ l c ’~~t Iu ’ , ’ , ’ l ; i i  al c e l l  and  t i m - - d - t  i t  I. u  transducer we;- o

m a c t i n t  cu t  c :  t i ;  i n  a w i  or  f i l l - I  t,a,k a I b i d  ing :tu:ou: ;t I : ’  (1e I 7  t )  flu ’S up t o

I mu . I i ; ’ d e t u - c t  t n  t m ’ . i ~~, l .  ‘ F  t~ h O~ a /4.0 —ct. m circular b a n  I n’. L i t  b I . , i t c -

j l a t e  w i  t im a ~Y4O k I l n  fi;nd.mnu ’;ital . ‘l it- ::our ii of mod :tlat ion p o t e n t i a l

and do ti- c ion cii- c~ t ron i es are sb v i  i a lie h - o r k  d~~: pram (Fig. 2)

The ,a -c n - ; t i c - - c - l c  ; t i l l  L -  : i c - m i  cc li : rr :ii: ;’c-i :rnt (Fi 
~~~. 3) provided a

nc - : : , - . fe: i :- el a t isp hc ~,.c t 1 i ~ e~ c ctr ~~~~~e i n : - - i f ~. C r f r o m  tile water of

hr oi l. . T h i s  pe ; r ’i i  it  ed the  mai nt i i : :  in i- of far higher purity control

i t t  t h e  cli ct ;n-l y Le titan would be p , . : ~b ’ e if time ac o u s t i c  waves were de-

t e c t e d  in th e electrol y te. The cell l ) c h y Wa construct ed of Teflon w i t h

as C a t e r  i r is: ; case to provide :-i;ieldin 1; and rigidl ty. The pulse—modu—

l ot .- .l m a d  c — f r e q u e n c y  i)0tc ’ittiai (540 kiln) Wa ; ;  app l ied between one side

of a p a i d  li. ;h: r ;t I - J :; ;ind a pa rilli 1 gold scr en (200 mesh)  . The ‘old

di ;;h r ip: w ; :  : ;u f  I i  c i ( - ~~t ly thin (0,013 cm) t l m , 1 t  sc und ‘
~~~

- cc-rated at  the

di i ; I l p : :  ;m n d  ;I(el; - i e c - L r o d c - u  w e - t ;:mns’ ,i ttc- c l into the water of t u e  t a n k

w it h i  l i t  I a t  t e m m u a  I b i n .  The d i ; c et e r  of the sections of time gold dia—

p it  a i r. and n;a - hu C’ >: ; . n.h to the e]ectrol-, to was 2.~4 cm. This Is large

compared  1 o iI~~ ;- . i v - l i - m ; p t  1; in t i l t -  s ol u t i o n  :iad i i enc  tim e e n rgy in the

d i  f t  i t i  t I c f l  lobc~ i t  r a t her  s m a ll .

The dc po t e n t i a l  of t h e  gold dinplLm agm was cotit rolled r e lat i ve  to a

Sat  u r n  t u -c c ; m i  or, . - I r i be n o r  c i  e t i  P. ( Cl-~) I -y  meat):: of a Potent iostat

using a g i d  r o u St  t i ’ el i-c t rode of 10—ct;
2 

area located behind  the gr id

ci oct i ode (see 1”i g. 3) . ‘ i ’no cell a] : 1  inc I ti ed a gold pr e—clec t ro lysis

aiicnl e m l c ’ ; i ( h i n d t  f o r  ret: - ving i t - p u r l  L L S  by prc— icctrolysis . In the

pr i’ lil ; i u m  y m e a t i r n ( ’ i n . ’ ; i l n r e p ot ’ L t - d  n e r . i iI , tb dc pn tei I lal, of the mesh

ii I t  c t m ode w.m : - not co i l  t t o )  led

-
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l i . t  i C ’t i : . t  i t :  i i  t o . ,  C i t o ; -  1 -  ( i i  m C i  u :i ’ d ed  u ! m i  I -  l. i m ; u - . : ’ly :~~: u - c - ; i i i ~ ; ti-

dc vol  t - p of ti c - -~ I I  i i i  j ’ i 1~ - I 1 ’r: t-  l ( (  1)  (c l i ’  n .i - it i vi and t h e n  nega t  lvi;

P l i e d  h t . u ; t  . TI:  c Ia’ l i i i  i t  u t ;  V & I t  ~ i t e d  1 e t w u -en  the tw i -  pa ; ’ ili el eli-c—

t m u - d - s  q - - - r : ,  ‘r i : ;  i~~ i l i y a c t ’ ’ ’ - t I -  t ’ 1 u t r t , c ~ i y t e  r C S i s t : i i i ( e wi th only a

:- r:,,1 I fi ’~ ct h a ; i I  t l i . -  two 15( 1  rf ,mu’u-: . The 
- 

i n t i r f a c e  i ; d ii ;c~-~ are m~o :;t l y

ca ;- .t c i  t I \ ’ i w i t i :  t i c  ~- a1  Se dc- ~~en J u ’s L  em ; t h e  de p o t e n t  m l .  At p o ten t i a l s  in

tie - r a n m ; e  —o . 2 - - 0. ?V(:-PE ) t i l t -  C o p - i  C I a : ce Icr  br i ght  gold In 2M 11C10
4 

is

I V~~I L  i i i  v 30 to  40~: l - / c ; n 2 w i t h  only  m i n o r  depi:nden on ‘Ic . p o t e i l L i a l .  For

h i - - e l i - c t  r o l y t e  , t h e  I T - S i  stance be tv ; t 1~~ d i ap h r a g m  and mesh d c c  t r o d ,- : :

i s  i~ o h ;  : 1 . :  t e d  to Li- 0 . 14 ohms at  acid in  f r equencle : ;  us ing  a Wayne- -Kerr

Li  i d 1 .- (u , - - d i i  } - 2 . ’ 1) . As~~ura i n k ;  t i e  a r - i  in  c e nt a c  t wI th  the c- lec t ro] y t u- to

r c ’ ; - : i ; : : t e l ’ ,’ t i e -  same f o r  t b - ic -  d i a ) I ; -agr .1 and  mesh c’ i c - i t r o d i n , t h u  e s t i —

t w i t -  - t ion  of the  t o ta l  i~qtl ~ed :rnd i l a t  i on  volt agc-  across  each inter-

fa ce i t ’  2 J i  x IO~~~.

h l i u -  I ’ i u l . i : a -  c-li -mgi’ s at  the  ;, . sI e l e c t r o d e  are 180 0 o tt  of phase w i t h

t i - - - t  o t  I . -  h i . ~~ - h i r , u i - ; : -  at ,  t i m e  sa r ;c -  dc P t e n t  ,a l .  To o b t a i n  p r op er  phase

r - l  al  (ftp - i t :  I v  es sound  ~y ’ni’  rated at t I i -  - two elec t rodes , the  spac ing  has

iii to; :i d ii ( u - u i  t o  O f ’  h a l f  wav i - is - t gth  (0.139 cm at  540 k i lz )  . The ce l l  has

h i t ! ,  L u - c - :  ‘p t . I n i  zed , hic ’u ’ i- v u ’ r  , f o r  t ime  : 1  :inditq; waves ref Ice ted of the Tef—

I - t i  c - t i P

i v .  Ft1-;~; 1Jn -fS

T~ e relativ u- acoust ic respon—.u- is sh own in Fig. 4. These results

m u t t  he con:;idercd rather p r e l i n i s m r y  since the electrolyte may have

contained s u f f i c i e n t  i m p u r i t ie s  i m m e l u i c i t i g  Cl ions to d i s t u r b  the in ter—

f a ct -  propert ies. Extreme purlfic o. 1cm A ro(:e ;lrcS are neeu -ss ary to assure

adequate p urity for such u : x p -  n i m en t i ;  and wil be used in later wo rk .
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‘Id ~, ‘ v o l t  at cii ’ I cv u - u ;v . - :~ 
, i t  W~ ’Ve r , i - m v- 1 .  i ’ i ~ r : an. ;. ne- l u t ;  t ie  r sin L i a r  cond 1

10;;;; i t ;  t h i s  cu-I l and f o un d  ( c i  be e :e-em ;L l i l l y  hie  :;ai ;iu . - a;; puh i robmed

t o ri hr ( / , 8) i ron our laborator- i t t  p i . r i f  h i d  e l e u : t r oly t  ~
- . The acoustic

sigral in Fi g. 4 Includes a cont ribul - to f roi: ; time gold mc ii ele :t rode ,

wim ich , wh ic unknown , was i ’ crt: ;t  tint. This unknown :on~p onef l t  m aP ’s ~ t

ii~~o:e; rhi ~~- to t - - -.t ;ib l h u h  WI1C timer the .it ’ou;st Ic s ignal  passes t h i r o ; i p hi z i - ro

w ith; - l l~ cJ~ — ~~i 5 u ’ e chant - u - at an>’ ~lc t  on ! in 1 in the range shown in Fi g. 4.

In f u t u r u -  v. rk  t L e  i”’~ 
- a t  t a l, cci’ both ; of the p a r a l le l  r—1’ elec t rodes

w ill ti u - n ,  j i n t a r n u - i l  (1;. san .’ , so as to i i s u r u ’ constructl’.-& - interference

with ; a bi a ’if wave l u , i ; p t h i  s p a c i n g  and h i c - i Cu to know time zero acoustic signal

-ondi tic,:; t or both elect rcdt-o .

The behavior indicated in ti’i u -  ~~~~~~~~~ t coustogram ” in FI g. 4 Seems q u i t  c-

r c ’a : - e n a h l c - . The v o l t a g e  nu ’k ~i on w i t h  the large hysteresis at potent in Is

po s i t i v e  to 0. 8V V:  SCE correspond :-; to the very irreversible formation

and reduction of an anodi c Oxicic lay e r  at a monomolecular level. The

fo r’,: ;it io n of t u b  film r c -n - u ’ 1  t, s in a pronounced change in the  intrinsic

pr opert I : ,  of the i n t e x -f acc ’  as well ic a s u b s t a n t i a l  change  in t h u  e l e c - t  r ’dc-

c a l ; ; ;c i t a n c c  and h ence  fraction of t he  modulation voltage ;tc ro-s the jot erfare .

The reg ion nc-pat lye to 0. 7V is free of hysteresis as is to be expected

for gold in tile “anion reg ion ” whore  t h  po ten tial is pos i t i ve  to the

pzc but onl y a sinai I amoun t of sp ecif i c adsorpt ion  of C104 
— anions occurs .

[ i - o r  gold in 2N 11d b4 , the pzc is esthino ted to be “—--0.3V vs SCE from

l iterature data (9, 10). J At t h e i ;wec ’p rate of 5OmV/s u sc-P it: t h i s

— - — 6 .  4experiment , the rc- ;- ; idual  Cl (est  i not id at ~~l -) M in the 1{ClO ) should

h av e  r e in :  ively l i t t l e  e f f e c t  aye;. tin-ug h t h is ion rather strongly

adsorb s ott gold.

The addition of organics  such it s h en r i - mw (Fig. 5 )  to the electrolyte

has a major effu-ct on the magnitud e aid potential dept-oPt-ace of the  e i f t - & -t

Thu i s  i i  i i -  t -at r ;ir i - - i t i p  s it i c i  such :;p - it’s .md :.urb si r t g ly on tb .- eli-ct rode
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at van  on ;~ p o ten t  i t t 1 , - t im i d C cii a l so  un do r~,o I- _ u ;  aclaic p t ’ o~~~~~~~~~ - - y - c c i c ; ; 1-,

various oxidation and reducti - ;  p r o l c t ’ t s .  Ph i- a d s o r b u - c h  np . - c i e S  c i i ; m r i p e

t h e  p o t e n t i a l  d i s t r i b u t i o n  acrc);;;i hi .- i n !  u - r i  ii i- . The :~t r u e t .  i i  c l i ng -s

p rodu ced b y time potu-ntial modu lation hi - ct -mu - cc ,nsjder:-1 I V  i- - r e

since t h u v involve the adsorbed sl’L e i c , ;  is well as water mo lec ;i lc ,t s. At

low ;;;ud;; -ition frequencies (<10
4

11 z) , L i i -  ;i~ potential nudulation wil t

in t u r n  modulate the  s u r f a c e  c o n c e n t r ,m t i o n  of the  adsorbed specic- s an t i

henci,- w i t h  the  volui ae change wi l l  p r o d - m r -  an addit~ unah volume m t o d u l a t t e ; .

componen t  a s so c i a t e d  w i t h  the change of the pirLial mol~ 
- .-ulume 01 t ’r~-

sp e c  i c s  w it h  adsorption—desorption . At frequencies above 10
511z, however ,

th e adsorption—desorption process i s  lik -ly to be too slow to fo l low the

a.c. m odulation bc-cause of diffusion restrictions at the low concentrations

of  t h e se  species .  The acoustic response provides a sensitive readou t

f o r  r ec o g n i z i n g  adsorp t ion  at m e t a l — e l e c t r o l y t e  i n t e r f a ce s  and may prove

u s e f u l  f o r  t h i s  purpose in research  on such i n t e r f a c es

On the  basis of a radia t ion  pressure  ca l ib ra t ion  of the  hyd r opho n e

us ing  a second acou sti c source at 540 kflz , the rins acoustic velocity

cor responding  to 0.8 units for th e 2M ICL0~ curve in Fig. 4 is estimated

to bc 10
9
W/cm

2 
at a dis tance of 135 cm from the go ld  diap hragm source.

Titj ~ value  st -ems reasonable in term s of ~i few ,e::ths of a pe rcen t  change

in time volume of the double layer for a —modulation amp l itude of

- - 1 5  mV for  each electrode .

Thi ; ;  acousto—elect roci temical  e f f e c t  is expected to prove a u s e f u l

readout of uncompensated volume changes at e l ec t roch emica l  i n t e r f a c e s  and

particularly a test for various models of the compact doubl e layer.

Quantification of the measurements requires careful design of the cell ;

this is progress.



4 5 1 : -  i l l ’ , Ct i t i c , , ; :Sc I t  t o  i i - - - c r n t  L e a .  o t ; t ~i c 1 -  t ’ ; e - ud  
~ 

; t- r,i: i s c .

I t  i s  po- .~- I b l ~~, l ; c c w , - i ’ - t ’ , to c - i i h i ~~~~’ u ’ I ! : - e f t t - c ’ t  h y s t a - ~ i t i g  - u  n u i m l c - r  ol v u - i

t h i n  c l o t  t t u d e -~ w i t h  v c - r v  :~m 11 t - l u - c t i - - l v l c - ’  ~~~~~~ ( e- .~ - . 1( 1 ~~ or h i s s ) .

Thic -- i a u - t a  u -l u - ct roche- :, c - i t :  c -  i ; ‘  i . u r ~ i. c ’ • , c s, di t- r - :_ t ‘a t a  1 s u t f . u i  c-’ :

on o p p o s l lu ’  s idu- ; ,  w i t h  t h u  m eti l: ; io-~u - n  o gl~~ - t i e ’  p r i o r  14 - --a- r i - h a t  ion.

With such an arr angi-aiu-nt ;:uo: t of t he  ~ 1 1  l i e d  a .  c . p ot  u ’ ;  t i al w i  I Pc

across t h e  in t c- nf ~ u c :c - -  ;- - . U;: d i r  so c h u  c i r ;~:; ~ t o ;  u - u - - _ mu Cli  p r .  - i t  e r vo u r i c -  - ‘: ii : pc -n

and hence  a c ou s t i c  an; l I t  aL: , - - co i i .  o~, t ;u ~~t ; u - d  P C r  o u ch i i t e r f c. - L f i r o i i g iu

t he  use  of h i gh surf m c - u- a r t - t i  Ionn s of t h u  nc -- t  ~~‘ s such - u g o l d  a; 1 p l u t  l i i i : ;

m etal b lu s . At a given I r t - .~ c 1 u n c ’  , c i m h i ; i  u c c -inc - ;  cci t he - 1  l u - c t  b y 60dB

should be p os s ib l e .  Such t r a r m s d u c o - r ;  ;n iy prove i nt e r  c - - s i  ing for ,ihoraiur’

g’ n c ’ r i n~ ~-::~ of :~i~ r mt ; ; - - n i  wh oa a Lo s - I  b ;L . J  r ’ - a ,  : N- r ir  r ’ -~ i r
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